ABSTRACT African trypanosomes change their antigenicity by successively expressing different members of a group of related but highly diverse proteins, the variant surface glycoproteins (VSGs). We describe a synthetic oligonucleotide that can prime specifically reverse transcription of VSG mRNA out of total trypanosome poly(A)+RNA. The specificity of this priming was verified by cDNA sequence analysis of the transcription products and by the demonstration of variant-specific hybridization of the individual cDNAs to cellular RNA. The oligonucleotide primer also was used as a probe for the conserved sequence found on these VSG mRNAs in trypanosome genomic DNA libraries. A large number of primer-positive clones were detected in a Trypanosoma gambiense genomic library, but very few positive signals were found in a library of Trypanosoma congolense genomic DNA.
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The parasitic hemoprotozoan Trypanosoma brucei gambiense and related trypanosomes cause potentially fatal disease in both man and domestic animals. The course of infection in most vertebrate hosts is marked by a series of peaks of parasitemia, during which antigenically distinct populations of trypanosomes rise to predominance in the bloodstream. This widespread antigenic variation allows at least a segment of the parasite population to escape the host immune response and, in so doing, accounts for the relapsing nature of the infection (1) .
There is now a strong body of evidence which suggests that this variation is mediated by the successive expression of genes for different variants of the major surface protein, the variant surface glycoprotein (VSG) (2) (3) (4) . Studies of unicellular infections indicate that this capacity for antigenic variation exists within individual cells (5) , but the mechanism responsible for this selective transcription of one VSG gene at a time remains unclear (reviewed in ref. 6 ).
One particular aspect of the phenomenon of antigenic variation further complicates the immunological and molecular analysis of this process. Although certain VSG serotypes can be shown to predominate early in an infection (7, 8 ), a precise order in the expression of different VSGs is not detectable. Accordingly, one cannot predict which antigenic type will succeed a switch in VSG gene expression, and, because the resulting variant antigen type may express any one of >100 different VSGs (9, 10) , the switch in antigen expression can only be detected indirectly by the loss of the preceding antigen.
Recent DNA sequence determinations of cDNA clones derived from different VSG mRNAs have revealed a common feature of VSG mRNA structure that is present regardless of the VSG for which the mRNAs code (11) (12) (13) (14) . A sequence of 16 nucleotides within the 3' noncoding region of the mRNA adjacent to the addition site for the poly(A) tail is apparently invariant (Fig. 1) . We have attempted to exploit this region of homology to develop a means for detecting VSG-specific mRNAs without regard to the coding specificity of the molecules and without the necessity for antigen purification or antiserum development. In this study we The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. passed through the column once more and was designated poly(A)-RNA.
cDNA Synthesis. Reverse transcription was carried out in a reaction mixture containing 500 AiM of each of the four deoxyribonucleotide triphosphates, 50 mM Tris HCI (pH 8.3), 10 mM MgCI2, 100 mM KCI, and 10 mM dithiothreitol in a final reaction volume of 50 1.l. Poly(A)+RNA (10 ,ug) was preincubated with 10 pmol (56 ng) of the oligonucleotide primer in the complete reaction mixture for 10 min at 42°C and 15 min at 0°C before the addition of 3.5 ,l (45 units) of reverse transcriptase. The mixture was incubated at 42°C for 1 hr, and free primer was removed on a 2-ml column of Bio-Gel A-50m (Bio-Rad (21) . A more detailed description of the construction and screening of these libraries will be presented elsewhere.
RESULTS
Reverse Transcription of Trypanosome RNA. The synthetic oligonucleotide ( Fig. 1 ) was used to initiate reverse transcriptase-directed cDNA synthesis from total poly(A)+RNAfrom TXTat 1, TXTat 2.3, TXTat 5.28, and YNat 1.1. Although a variety of other reaction conditions were initially tested, the yield of cDNA products was enhanced most by a short preincubation of the entire reaction mixture at 42°C for 10 min followed by an additional 15 min at 0°C before the addition of reverse transcriptase. The analysis of the cDNAs transcribed from each of the different variant antigen-type mRNAs on a 1.5% methylmercuryagarose gel revealed that the majorproduct was -2 kb in length. Compared with oligo(dT)-primed cDNA, the primer-initiated products showed an overall shift upward in size ( Fig. 2A) . Although products larger than 2 kb were not detectable, a number of shorter cDNA bands were evident. These shorter species could be resolved into discrete size classes of varying intensity on a 4% polyacrylamide gel containing 7 M urea (Fig. 2B) . On the other hand, poly(A)+RNA from YNat 1.1 was not transcribed under these reaction conditions, nor was there any cDNA synthesis from T. gambiense poly(A)-RNA. For each TXTat variant, however, the oligonucleotide primer efficiently initiated the reverse transcription of a limited number of cDNA products from total poly(A)+RNA.
RNA Hybridizations. Cytoplasmic RNA was analyzed by RNA blotting procedures with the synthetic oligonucleotide as a probe. In the poly(A)+RNA from each of the different TXTat variants, a transcript of -2 kb was detected, accompanied by a number of smaller RNA species with intensities slightly less than the 2-kb band (Fig. 3A) . After long exposure of the autoradiogram, a weak band at -4 kb could be seen on some gels. None of these bands were seen on gels of YNat (Fig. 4) (Fig. 6) .
In marked contrast to these results with the TXTat genomic libraries, only a few weak signals (<15) were obtained by screening the YNat 1.1 library with the radiolabeled primer under identical. conditions. DISCUSSION The synthetic oligonucleotide described in these studies recognized the complementary conserved VSG mRNA sequence from each of the variant antigen types tested. Under the conditions used, this interaction was sufficiently specific to allow selective transcription of these VSG mRNAs out of total poly(A)+RNA. Although a limited number of variant-antigen types were tested in our experiments, the selective priming of the three TXTat VSG mRNAs brings to 12 the number of VSG mRNAs shown to have this sequence or one closely related to it (6) . Thus, there is mounting circumstantial evidence that this sequence may indeed by a conserved feature of Trypanozoon VSG-specific mRNAs, independent of the particular VSG for which they code. The inner 16 nucleotides of the octadecamer sequence presented in this report ( 
5' G-T-G-T-T-A-A-A-A-T-A-
T-A-T-C-A 3') are complementary to the sequence that always has been found in the VSG mRNAs that have been sequenced to date. The outer two nucleotides are limitedly variable, with two sequences substituting an A for the 3'-terminal G of the primer (12, 14) and two other sequences bearing a C in place of the G at the 5' end of our oligonucleotide (12) .
Although the octadecamer used in our studies represents the best consensus sequence of all of the cDNAs, it may be that a primer consisting of the inner 16 bases would give equally specific priming and eliminate the possibility of the single 3'-end mismatch. The highly conserved nature of this block of homologous sequence is certainly remarkable, even with these slight variabilities in the two positions cited. This is especially true in the light of the tendency for the 3' ends of mRNAs that code for different members' of gene families to exhibit a high degree of sequence, divergence (22, 23) . Even those VSG mRNAs that are very similar in the protein coding region (12, 13) of the molecules diverge rapidly in the 3' noncoding region so that both the sequence and length of the noncoding regions are different. Nevertheless, the block of conserved sequence is found close to the extreme 3' end of the molecules.
It will be interesting to see if this conservation of the sequence represented by the primer is the result of a functional requirement for VSG mRNAs in general or a reflection of VSG gene activation or transposition. Indeed, it has been suggested that the 3' ends of some VSG genes are substantially altered during what is presumed to be a transpositional event leading to active expression of these genes (24) . If this is so, the sequence analogous to the primer on the gene may participate in the transposition process by providing a region of homology for a gene conversion event (25) or it may be added to VSG genes that usually lack the sequence as part of an activation process. Our detection of VSG-related sequences in genomic DNA lacking the primer sequence makes-this second possibility intriguing. Obviously, the two suggestions are not mutually exclusive. A two-step process of 3'-terminal sequence addition followed by a gene conversion event also might be possible.
Although the assignment of some functional role for the conserved sequence can only be speculative at this point, our results strongly suggest that the presence of the sequence complementary to our primer is unique to variant-specific RNA for each of the variant antigen types. This appears to be amply verified by the unique sequences transcribed from total poly(A)+RNA from the different variant antigen types. Although the sequence determination gel of TXTat 5.28 cDNA showed minor secondary sequences, the strongly predominant sequence was very different from that transcribed from TXTat 1 RNA. Subsequent to the sequence studies, we examined the antigenic characteristics of this variant-type stabilate (frozen stock) with antiserum to the TXTat 5.28 VSG (data not shown). A significant subpopulation of this stabilate did not react with this antiserum, even though the trypanosomes were frozen after three separate cloning steps to ensure homogeneity. Accordingly, we tentatively attribute the slight sequence heterogeneity on the TXTat 5.28 sequence assay gels to minor variant antigen-type populations in the parasite population used for mRNA isolation. Although we cat not formally exclude the possibility of some primer initiated ranscription of RNAs unrelated to VSG, we believe this to be i nlikely in the light of the clean VSG-like base sequence obtained from TXTat 1 cDNA. Instead, this result may actually be an indication of the sensitivity of the labeled-primer cDNA sequence analysis.
The cDNA sequence obtained for TXTat 1 is strongly homologous in the putative coding region to VSG cDNA sequences from two other variant antigen types ILTat 1.1 (14) and MITat 1.2a (12) . It is clear from the base sequence comparison of the cDNAs (Fig. 7 ) that these represent two VSGs closely related in primary structure. This is of particular interest for two reasons: (i) the two were isolated from different subspecies of the Trypanosoma brucei complex, and (ii) they were derived from trypanosome stocks that were isolated =50 yr apart. The conservation of these homologous sequences, in the light of the rapid and extensive DNA rearrangements that appear to take place in the trypanosome VSG gene family (26) Note also that several of the base changes conserve the putative amino acid sequence. The sequences are listed from the first codon into the coding region from the termination codon (bottom right) to the last codon determined from the TXTat 1 cDNA as described in Results.
workers (27, 28) that there may be variant-specific RNAs present in the cell in addition to full-length mRNA coding for VSG. It is interesting that these shorter RNAs detected in our studies are recognized by the primer and, therefore, either must retain this 3'-end sequence through maturation steps, leading to an overall decrease in length, or must bear this homologous region by reason of transcriptional initiation at points closer to the 3' end than the point at which full-length VSG mRNA is initiated. It is also possible that these shorter RNAs are the products of specific degradation in from the 5' end of full-length VSG mRNA. However, we view this highly specific degradation to be a less likely explanation.
The synthetic oligonucleotide described in these studies is of obvious use in the process of generating VSG-specific cDNA for recombinant cloning and in a wide variety of screening applications for phage and plasmid clones. It also will be interesting to see whether the primer will be useful for metacyclic trypanosome VSG mRNA recognition. In addition, it will be interesting to attempt to determine the relationships between the absence of mRNA priming in T. congolense and the comparative structure of the two VSG gene families. If the conserved sequence is a reflection of a functional contraint placed on VSG mRNAs or their genes, one would expect to find a conserved base sequence among the T congolense mRNAs which, although different from the analogous T. brucei complex sequence, fulfils the same functional requirements.
